General Instrumentation
All GC measurements were performed on a TRACE GC (Thermo, San Jose, California, USA) equipped with a split injector and a flame ionization detector (both at 250°C). The GC settings were controlled by the Xcalibur software (Thermo, San Jose, California, USA).
All separations were performed on an HP-5 fused-silica column (Agilent, Palo Alto, USA) coated with (5%-phenyl)-methylpolysiloxane (30 m × 0.32 mm i.d., 0.25 µm film thickness) at 80°C and 80 kPa head pressure. Helium was used as carrier gas, the split ratio was set to 1:200. Data was acquired at 10 Hz.
Six-port Continuous Flow Multiplexing Injector

Design
The experimental setup consists of a laboratory built six-channel continuous-flow split/ splitless injector with 6 heated sample ports (250°C), separately controlled by fast 3/ 2 way solenoid valves (SMC corporation, Tokyo, Japan). The injector was manufactured from brass and is equipped with 2 heating cartridges and a thermocouple to exactly control temperature. The sample ports are equipped with glass sleeves, treated with chlorotrimethylsilane (Fluka, Buchs, Switzerland) to minimize analyte surface interactions.
This multiplexing injector is directly mounted onto the split/splitless injector of the GC.
Samples were continuously pumped through fused-silica capillaries (0.05 mm i.d.) into the sample ports of the multiplexing injector and there continuously evaporated. The samples are repetitively injected into the split/ splitless injector of the GC by short pressure pulses in the range of 1 to 10 ms with He (400 kPa) according to the bar-codelets of the binary pseudo-random sequence. The multiplexing injector is purged through the injection needle by the split/ splitless injector of the gas chromatograph to prevent sample mixing. 
Performance Tests
As already shown in the design section several tests were performed concerning the injection stability, the injection interval ∆t and sample mixing. The injection stability and reproducibility is shown in The injection interval ∆t can be varied between 500 ms and 60 s. Faster modulation is possible for fast separations in the range of only a few seconds. Sample mixing is effectively prevented by the counter current gas stream of the GC split/splitless injector. In these experiments mixing was not observed.
Multiplexing Experiments
Generation of the Multiplexing Sequence
The n-bit binary pseudo-random sequences used throughout all experiments consist of N elements (N = 2 n -1) with 2 n /2-1 elements 0 and 2 n /2-1 elements 1, which are derived from an (n+1) × (n+1)
Hadamard matrix. 1 These sequences are constructed by the use of a virtual shift register applying logical operations. A complete description of the algorithms used here is given in reference. 2 The modulation sequence was generated by a program written in Delphi (Borland, Cupertino, USA).
Only for elements equal to 1 sample injections are performed. This multiplexing sequence represents the bar-code, which conserves only the information of the single analytes, but not the concentrations of the individual samples.
Generation of the High-Throughput Multiplexing Sequence
Supplementary Figure 5 . Creating a high-throughput multiplexing sequence from a conventional multiplexing sequence.
To increase the sample throughput the conventional multiplexing sequence (bar-code) is divided into bar-codelets with the same number of repetitive injections. These repetitive injections are necessary for the unambiguous identification of the individual samples. To determine the number of necessary injections per sample, equations were derived and are given the main manuscript. Here a detailed derivation of these equations is given. The general concept of these equations is that a linear equation system, which results from such experiments, can only be solved if there are more independent data points in a chromatogram available than unknown analyte concentrations. Furthermore these equations also characterize the performance of high-throughput multiplexing gas chromatography (htMPGC).
With these equations it can be shown that for fast separations the sample throughput can be inherently increased.
The duration t max to perform a htMPGC analysis is defined by the sequence length N, the time bin interval ∆t and the maximum retention time max R t [min] of the analytes according to equation (1) .
For the unambiguous determination of a single analyte j of sample i the product ( j max × i max ) of the maximum numbers of analytes j max and maximum number of samples i max must not exceed the maximum number of data points acquired by htMPGC. The number of data points can be calculated from the sum of the sequence length N and the maximum retention time max R t divided by the time bin interval ∆t, and multiplied by the data acquisition frequency f [Hz] . Therefore, the maximum number of samples i max that can be unambiguously determined is given by equation (2) . 
Data Acquisition
Data of the flame ionization detector (FID) was acquired at 10 Hz with the Xcalibur software (Thermo, San Jose, California, USA). The data acquisition was started by the software controlling the multiplexing injector. The data trace of the FID was converted into ASCII format by a tool programmed by Thermo. The data in ASCII format were used for the data deconvolution, described in the next chapter.
Data Deconvolution
Overview of the Data Deconvolution Algorithm
The flow chart of the data deconvolution process is given in Supplementary Figure 8 Evaluated data Evaluated data This algorithm consists of several steps. In the first step the raw data are converted into ASCII format and the data are normalized to 100 for further data processing. In the next step a Hadamard transformation is performed to get an overview chromatogram providing data about number of analytes in unknown mixtures, retention times of the analytes and their peak width to calculate separation efficiencies necessary to calculate in the next step the rows of the matrix system. Each row contains the repetitive injection of a single analyte according to the individual bar-codelet (time shifting of these packages). Multiplication of this matrix with the concentrations of the analytes to be determined gives the raw chromatogram. For the data deconvolution it is necessary to divide this matrix in sub-matrices which can be solved by a Gauss-Jordan algorithm. As a result the concentration vector is obtained.
Hadamard Transformation
After the separation, the conventional chromatogram is obtained by Hadamard transformation of the 
Chromatographic Data
From the Hadamard transformed overview chromatogram the chromatographic peak data are obtained by a standard integration procedure determining the apex of the peaks (retention times), peak width and analyzing their peak shape. These data are used to calculate single peak profiles of the individual peaks.
[min] 
The Matrix/ Linear Equation-System
To deconvolute the raw data in order to obtain the individual concentrations of the single analytes in the individual samples it is necessary to solve a linear equation system using the chromatographic data obtained by the Hadamard transformation.
Each row of this matrix represents the repetitively injected elution profiles of an analyte i in sample j.
Each column represents the time bin (elution time). The matrix elements represent the signal intensity which is normalized to 100 for the deconvolution process. Multiplication of this matrix with the unknown concentration vector, which holds the information of the concentration of the individual analytes i in the samples j gives the raw chromatogram.
The peak shape, the retention time j R t , peak width at half height j h w from the overview chromatograms are used as input parameters for the data processing to obtain time-resolved analyte peak areas of the individual samples (Fig. 4) 
Statistical Analysis of Errors and Deviations
The deviation is calculated by subtracting the experimental raw chromatogram from the evaluated data and by subtracting the peak areas of the individual peaks. In Supplementary Figure 15 the deviation is visualized as a red curve.
Results
Supplementary Figure 17 shows a htMPGC experiment with 6 different samples, repetitively injected to compare injection stability and repeatability of the sample injections with two analytes. In Table 1 the results of this analysis is summarized. 
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